PURPOSE: The present study aims to determine the effect of lower extremity muscle strength exercise at the non-paralyzed side of patients of stroke using a mirror on gait and balance.
Ⅰ. Introduction
In stroke, the oxygen supply to the brain cells is blocked, which results in brain cell necrosis (Kolb and Gibb, 2007) .
Most survivors have decreased motor ability, and most patients do not fully recover (Cramer and Bastings, 2000) .
The most common motor disorder shown in patients is uncontrolled paretic movement (Hendricks et al., 2002) .
Paresis leads to the disuse of muscles, a secondary change in muscles and nerves. Chronic disuse causes muscle contracture and the atrophy of the motor cortex, thereby worsening the paresis (Cracies, 2005) .
In particular, motor function paralysis of the lower limbs adversely affects balance and walking ability, thereby increasing the risk of falling (Liepert et al., 2000) , 60%
of such patients with stroke have low walking speed and endurance (Hesse, 2008) .
Post-stroke physical therapy mostly involves direct physical training using active and repetitive movements focusing on the paralyzed limbs as follows: exercise therapy (including pre-walking functional tasks such as movement activities and weight shift in sitting or standing position) (Ryerson and Levit, 1997) , muscle strength and functional recovery using functional electric stimulation therapy (Sukanta et al., 2011) , treadmill walking training (Talia et al., 2007) , underwater treadmill training using a resistance machine (Jung and Lee, 2010) , and lower extremity weight training using a circuit-group exercise program (Coralie and Susan, 2011) . Concentrated exercise time is more effective in recovery motor function (Lee and Choi, 2016) . However, if the paralyzed limbs are severely limited in their activities, the patients with stroke may be repulsed by a physical approach that focuses on functional recovery of the paralyzed limbs (Blanton and Wolf, 1999) , thereby reducing the therapeutic effect.
Thus, treatment methods using the non-paretic side have been magnified to strengthen the weakened muscle strength on the paretic side. A study of normal subjects reported that wrist tendon training increased muscle activity in the contralateral wrist tendons (Lee et al., 2009 ) and exercise on the flexor of the elbow joint improved the activity of the flexor with the same function on the contralateral side (Carroll et al., 2006) . The ultimate goal of treating patients with stroke is to change the paralyzed function with neuroplasticity by stimulating the central nerve to reduce abnormal parts of the posture and muscle tension, thereby increasing recovery into normal posture and movement and creating more efficient movement (Johansson, 2006) . Out of all the methods of stimulating neuroplasticity, the activation method using "action-observation" activities is a cognitive training method used for motor skill improvement and learning both for patients with motor disorders and normal people (Rizzolatti et al., 2001) . Thus, the increased cortex excitability of the premotor area and inferior parietal lobe shows that visual feedback training with "action-observation" is involved in motor learning (Zentgraf et al., 2005) . Action observation training is effective in upper extremity function in stroke patients with moderate disability (Kim and Bang, 2016) .
Mirror therapy training, a visual feedback training method, is based on imagining the non-paretic side projected on a mirror as the paretic side, and it is a known effective task-oriented therapy for patients with stroke (You et al., 2005) . Related studies have reported that it has led to cerebral cortex restructuring and has promoted visual feedback and motor cortex activity (Bhasin et al., 2012) . These studies focus on visual stimulation compared to paretic sensory motor training therapy (Holm et al., 2012) .
Thus, many studies have investigated mirror therapy, a visual feedback method, to improve the functional condition of patients with stroke. Most focus on promoting visual stimulation using repeated upper and lower limb motions, and few studies have sought to evaluate the balance and gait of subjects according to the intensity by adding muscle strength exercise. Therefore, we compared existing mirror therapy with mirror therapy combined with muscle strength exercise using sandbags in this study to investigate the effects on subjects' balance and walking ability.
Ⅱ. METHODS

Subjects
Among the patients diagnosed with stroke and According to the Declaration of Helsinki, information about the study was provided and the individuals gave written consent to participate. We described the purpose of the experiment to the patients with stroke admitted to M Hospital, Daegu and obtained IRB approval (1040621-201702-HR011-02) from patients who agreed to participate in this study.
Study protocol
We conducted preliminary tests on all subjects prior to therapeutic intervention, and we classified subjects as follows: non-mirror lower extremity motion exercise group (control group), mirror lower extremity motion exercise group (experimental group I), and mirror lower extremity muscle strength exercise group (experimental group II).
For randomization, sealed envelopes were prepared in advance and marked inside with A, B or C representing experimental groups I, II, and control group, respectively. 30 subjects were divided into 10 groups for each group. This randomization was performed by a third party unaware of the nature of the study. Subject characteristics and all outcome measures obtained before and after treatment were assessed by Physical therapist, who was blinded to treatment allocations. Intervention was performed in a closed room by Physical therapist, who was not involved in subject assessment. Physical therapist was instructed not to communicate with subjects about study goals or treatments.
The subjects were provided with existing hospital treatment (central nervous system development therapy, occupational therapy, etc.) and the following experimental intervention. These interventions were conducted in five sets (30 times/set) five times each week for four weeks to provide the same amount of intervention to the subjects' non-paretic lower extremity. A one-minute break was provided between set. After four weeks of study intervention, we conducted a post test on all subjects. The progress and evaluation of the experiment was carried out by one researcher.
The intervention was conducted using a modified version of that described in the study of Sütbeyaz (2007) . A mirror was mounted on a stand tilted toward the paretic side of the body to prevent the subject from viewing the paretic limb. For the experimental group I, II, the reflective surface was kept facing the non-paretic side. The exercises performed in a semi-seated position were : (1) hip-knee -ankle flexion, (2) knee extension with ankle dorsiflexion, and (3) knee flexion beyond 90°.
The control group was not provided with the motion of the non-paretic side, experimental group I was provided with visual information about the motion of the non-paretic side, and experimental group II was also provided with visual information of the non-paretic side, which was reflected in the mirror. Only experimental group II was performed with sand bags (1 lb, 2 lb, 3 lb, 4 lb, and 5 lb). The sand bag was selected by measuring the weight that each subject could lift 30 times before intervention.
The weight was then increased by 1 lb each week, and the existing weight was used when patients could not lift the sand bag 30 times.
Measurement
1) Berg Balance Scale (BBS)
The BBS is the most widely used and validated instrument for assessing balance performance in neurological conditions. It is composed of 14 items that require subjects to maintain positions of varying difficulty and perform specific tasks such as standing and sitting unsupported, transfers (sit to stand and stand to sit), turn to look over shoulders, pick up an object from the floor, turn 360° and place alternate feet on a stool. Scoring is based on the subject's ability to perform the 14 tasks independently and/or meet certain time or distance requirements. Each item is scored on a 5-point ordinal scale ranging from 0 (unable to perform) to 4 (normal performance) so that the aggregate score ranges from 0 to 56. In a study of stroke patients, the test and retest reliability of the BBS was r=.98 (Liston and Brouwer, 1996) .
2) Timed Up & Go Test (TUG)
TUG was used to measure the dynamic balance ability and gait ability of the subjects. Subjects were seated in a chair with armrests and then instructed to stand (using the armrests, if desired) and walk as quickly and as safely as possible for a distance of 3 meters. Subjects then turned around, returned to the chair, and sat down. The time from the point at which their spine left the back of the chair until they returned to that same position was recorded using a stopwatch. Each subject completed the TUG test three times with 30 s break between each time, and the average value was calculated. High interrater (ICC=.99) and interrater (ICC=.99) reliability have been demonstrated using this measure.
3) Gait analysis
The assessment was performed using the GAITRite portable walkway system ('Platinum model, CIR Systems Inc., Clifton, NJ, USA), which records the location and timing of each footfall during ambulation. The GaitRite system is an electronic walkway utilized to measure the temporal and spatial parameters of gait. The subjects walked at their preferred speed. Each subjects completed enough passes to allow for at least 18 footfalls to be analyzed (2-4 passes). The correlation coefficient between all gait measurements with comfortable walking speed was r=.92 (Van Uden and Besser, 2004) .
Statistical Analysis
Statistical analysis was performed using SPSS (SPSS 
Ⅲ. RESULTS
A summary of clinical and demographic features of the 30 study subjects in Table 1. The table also 
Ⅳ. DISCUSSION
In this study, we compared existing mirror therapy that provides visual information about the non-paretic lower limb movement of patients with chronic stroke with mirror therapy combined with lower extremity muscle strength exercise using sand bags to determine the more effective method in terms of functional recovery.
The intervention method involved knee extension and bending by maintaining subjects' ankle dorsal flexion, thus stimulating the proprioception of the non-paretic side. The subjects repeated five sets 30 times to promote low intensity knee muscle activity of the non-paretic side. Moreover, the movement of the non-paretic side reflected in the mirror was provided as symmetric visual information in both experimental groups. The subjects performed imagery training on the paretic side (non-paretic exercise using mirror) to stimulate their cerebral cortex and thus influence their balance and walking ability. Improvement of BBS and TUG, Which is a balance evaluation, is considered to be a direct improvement of movement of the non-paretic side (eps. ankle dorsiflexion and knee extension) and an indirect effect of paralysis. Smorenburg et al. (2013) confirmed that upper limb function was improved when Sütbeyaz et al. (2007) showed that the Brunnstrom stage and FIM score were significantly increased compared to the general physical therapy group when the mirror therapy was applied to the dorsiflexion of the ankle in subacute stroke. The significant increase in the walking ability for both experimental groups demonstrates that the intervention method provided symmetric movement to subjects, thus improving the subjects' static and dynamic stability and walking ability (symmetric movement). The visual feedback of movement of one side in the mirror enables bilateral exercise training and helps improve brain function (Yavuzer et al., 2008) . Sütbeyaz et al. (2007) identified that mirror therapy improves brain plasticity through visual feedback and visual stimuli regulate the primary motor cortex's excitability. They confirmed that Brunnstrom stage and functional independent measure scores were significantly increased when the ankle dorsal flexion through 30 min-five days-four weeks mirror therapy was | 87
Effect of Mirror Therapy Combined with Lower Extremity Muscle Strength Exercise on Gait and Balance of Patients with Chronic Stroke applied to patients with subacute stroke compared to the non-mirror lower extremity motion exercise group who received general physical therapy. Based on these results, they reported that therapeutic intervention combined with mirror therapy and general physical therapy improved exercise recovery in stroke patients. Ji (2013) showed that walking functional factors were significantly increased in the mirror therapy group when mirror therapy was conducted on stroke patients five times each week for eight weeks. He reported that the cadence and speed were significantly increased in both the mirror therapy group and non-mirror therapy group. Ji and Kim (2015) determined that single support, step length, and stride length were significantly increased in the experimental group Ⅰ, Ⅱ when mirror therapy training and virtual therapy training were applied to the lower limbs of patients with subacute stroke five times a week for four weeks. They reported that mirror therapy improved the lower limb function of patients with stroke; there was significant increase in the standing and walking test or walking ability when comparing before and after intervention. These results indicate that symmetrical movement is important in walking. The control group did not learn symmetrical movement because the visual information was not provided.
In this study, symmetrical visual feedback using a mirror improved balance ability and single support, step length, stride length and step width which positively affected the spatial aspect of gait. However, the four-week intervention period was too short to affect the cadence and walking speed, both of which are temporal aspects of subjects' gait.
The continuous mirror therapy combined with hospital treatment will have a positive effect on the cadence and walking speed.
The limitations of this study were as follows: 1) it is difficult to generalize the results because there were only 30 subjects; 2) Most subjects had the onset of chronic stroke two or more years prior to the study, thereby making it difficult to observe significant neurological and physical changes. Muscle strength exercise using sandbags was carried out on the non-paretic lower limb to observe the effects of resistance exercise combined with mirror therapy.
However, there were some subjects who were over 60 years old and had difficulty in muscle strength exercise. Thus, low-intensity muscle strength exercise was performed in some cases, which meant that it was insufficient to carry out a comparison according to muscle strength exercise.
Therefore, follow-up mirror therapy studies should compare the therapeutic effects according to the stroke onset period and the effect of low-intensity and high-intensity muscle strength exercise to fully determine the functional effect.
